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,QWURGXFWLRQ
:KHQ GHVLJQLQJ DQG GHYHORSLQJ FRPSOH[ HQJLQHHULQJ V\VWHPV RQH FRPPRQ SUDFWLFH RI PDQDJLQJ WKH RIWHQ
RYHUZKHOPLQJFRPSOH[LW\LVWRVWXG\WKHV\VWHPIURPGLIIHUHQWYLHZSRLQWV6XFKYLHZSRLQWVDUHGHILQHGE\DYDULHW\
RI IDFWRUV LQFOXGLQJ WKH FRQFHUQV RI LQWHUHVW OHYHO RI DEVWUDFWLRQ DQG FRQWH[W 'LIIHUHQW VWDNHKROGHUV VWXG\ WKH
V\VWHPIURPGLIIHUHQWYLHZSRLQWV+RZHYHUHDFKVWDNHKROGHUUHOLHVRQRULVLQIOXHQFHGE\WKHZRUNDQGFRQFHUQV
DGGUHVVHGE\RWKHUVWDNHKROGHUV)RUH[DPSOHDSURMHFWPDQDJHUPDQXIDFWXULQJHQJLQHHUDQGGHVLJQHQJLQHHUHDFK






SURYH RU PDLQWDLQ FRQVLVWHQF\ ZLWKLQ WKH FRQWH[W RI GHVLJQLQJ 	 GHYHORSLQJ FRPSOH[ V\VWHPV ZLWK SK\VLFDO
FKDUDFWHULVWLFV7KHUHIRUHWKHIRFXVPXVWEHRQPDQDJLQJ±WKDWLVLGHQWLI\LQJDQGUHVROYLQJ±LQFRQVLVWHQFLHV,Q











IRFXVHV RQ DQG SURYLGHV DQ DSSURDFK IRU LGHQWLI\LQJ LQFRQVLVWHQFLHV DQG IUDPHV WKH ZRUN ZLWKLQ WKH FRQWH[W RI
0RGHO%DVHG6\VWHPV(QJLQHHULQJ7KHSUHVHQWHGZRUNLVPRWLYDWHGE\WKHUHVHDUFKTXHVWLRQhow can we identify 
inconsistencies in a set of disparate, distributed, heterogeneous models? 7KHXQGHUO\LQJK\SRWKHVLVRIWKHSUHVHQWHG
DSSURDFKLVWKDWLQFRQVLVWHQFLHVFDQEHLGHQWLILHGXVLQJSDWWHUQPDWFKLQJ
7KHUHPDLQGHURIWKLVSDSHULVVWUXFWXUHGDVIROORZVVHFWLRQSURYLGHVDEULHIRYHUYLHZRIWKHUHODWHGOLWHUDWXUH




0RVW UHODWHGZRUN VWHPV IURPPRGHOGULYHQ VRIWZDUH HQJLQHHULQJ UHVHDUFK )LQNHOVWHLQ LV RIWHQ FUHGLWHGZLWK
EHLQJWKHILUVWSHUVRQWRLQWURGXFHWKHQRWLRQRILQFRQVLVWHQF\PDQDJHPHQW,QHDUO\ZRUN)LQNHOVWHLQet al.GLVFXVV
WKHXVHRIILUVWRUGHUSUHGLFDWHORJLF)2/DVDFRPPRQUHSUHVHQWDWLRQDOIRUPDOLVPDQGWKHXVHRIORJLFDOUHDVRQLQJ




FRQVLVWHQF\ WKURXJK ORJLFDO LQIHUHQFH ,Q WKHLUZRUN WKH DXWKRUVXVH GRPDLQVSHFLILF UXOHV WR ERWK LGHQWLI\ DQG
UHVROYH LQFRQVLVWHQFLHV/DWHUZRUNE\0HQVet al.GHVFULEH FDSWXULQJGHSHQGHQFLHVEHWZHHQ LQFRQVLVWHQFLHV DQG
SRVVLEOH UHVROXWLRQ DFWLRQV LQ WKH IRUP RI PRGHO WUDQVIRUPDWLRQV DV ZHOO DV VHTXHQWLDO GHSHQGHQFLHV EHWZHHQ
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E\WKHSUHPLVHWKDWWKHIXQGDPHQWDOFRQFHSWVGHYHORSHGLQPRGHOGULYHQVRIWZDUHHQJLQHHULQJUHVHDUFKFDQGLUHFWO\
EHDSSOLHG7KLV LV VRPHZKDW VXUSULVLQJ LQ WKDWPRVW UHVHDUFKHUVDJUHH WKDW WKHUHDUHNH\GLIIHUHQFHVEHWZHHQ WKH
GHVLJQDQGGHYHORSPHQWRISK\VLFDOV\VWHPVDQGRIVRIWZDUHV\VWHPV±IRUH[DPSOHWKHEURDGHUNQRZOHGJHUHTXLUHG
GXH WR WKHPXOWLGLVFLSOLQDU\QDWXUHRIPRVW WHFKQLFDOV\VWHPVDQG WKHKHWHURJHQHLW\RI WKHPXOWLWXGHRIGLVSDUDWH
PRGHOVEHLQJXVHG7KLVUHVXOWHGLQ+HU]LJet al.LQYHVWLJDWLQJIXQGDPHQWDODVSHFWVRIPDQDJLQJWKHFRQVLVWHQF\RI
PRGHOV RI FRPSOH[ V\VWHPV 4DPDU DQG 3DUHGLV ODWHU SURSRVH D FRQFHSWXDO DSSURDFK WR H[SOLFLWO\ FDSWXULQJ
GHSHQGHQFLHVDFURVVDVHWRIPRGHOVWRDLGLQLGHQWLI\LQJDQGVHTXHQWLDOO\UHVROYLQJLQFRQVLVWHQFLHV$QDSSURDFKWR
LGHQWLI\LQJ LQFRQVLVWHQFLHV XVLQJ UXOHV LV SURSRVHG E\+HKHQEHUJHU et al. 7KH DXWKRUV DOVR H[SORUH WKH XVH RI
GRPDLQVSDQQLQJRQWRORJLHVDVDSRVVLELOLW\ WR LGHQWLI\RYHUODSV+RZHYHUKRZWKHVHFRQFHSWVFDQEHSUDFWLFDOO\
LPSOHPHQWHG LQ D VFHQDULR ZKHUH D VHW RI KHWHURJHQHRXV DQG GLVSDUDWH PRGHOV H[LVWV LV QRW RXWOLQHG IXUWKHU
*DXVHPHLHU et al. LQWURGXFH DQ DSSURDFK DLPHG DW PDLQWDLQLQJ FRQVLVWHQF\ EHWZHHQ GLVSDUDWH PRGHOV DQG D
SULQFLSOHVROXWLRQDQDEVWUDFWPRGHORIWKHV\VWHPE\GHILQLQJFRUUHVSRQGHQFHVWRGRPDLQVSHFLILFPRGHOVXVLQJD
WULSOHJUDSKJUDPPDU7KHVHFRUUHVSRQGHQFHVDUHWKHQXVHGWRSURSDJDWHFKDQJHVIURPWKHSULQFLSOHVROXWLRQWRWKH






LGHQWLI\ all LQFRQVLVWHQFLHV +HQFH LW LV LPSRVVLEOH WR SURYH RUPDLQWDLQ consistency DQG WKH IRFXV PXVW EH RQ
PDQDJLQJinconsistencies,QV\VWHPVHQJLQHHULQJDYDULHW\RIGLVSDUDWHKHWHURJHQHRXVPRGHOVLVW\SLFDOO\XVHG7R
DXWRPDWLFDOO\ ± WKDW LV DOJRULWKPLFDOO\ ± UHDVRQ DERXW WKH H[LVWHQFH RI LQFRQVLVWHQFLHV D FRPPRQ XQLI\LQJ
UHSUHVHQWDWLRQDOIRUPDOLVPIRUPRGHOVPXVWILUVWEHLGHQWLILHG
3.1. Directed, Labeled Multigraphs as a Common Representational Formalism for Models 
0RGHOV DUHE\GHILQLWLRQ DEVWUDFWLRQVRI UHDOLW\ DQG UHSUHVHQWNQRZOHGJH.QRZOHGJHGHILQHVKRZGLIIHUHQW
SLHFHVRILQIRUPDWLRQDUHUHODWHGWRRQHDQRWKHU,QIRUPDWLRQLVH[SUHVVHGLQWKHIRUPRIpropositionsVWDWHPHQWV
WKDWDUHNQRZQWREHHLWKHUWUXHRUIDOVHFactsDUHSURSRVLWLRQVWKDWDUHDVVXPHGWREHWUXHXQWLOWKH\DUHGLVSURYHQ
,W LV WKLV LQIRUPDWLRQ DQG NQRZOHGJH WKDW LV XVHIXO LQ UHDVRQLQJ DERXW LQFRQVLVWHQFLHV LQ PRGHOV 7KHUHIRUH D
FRPPRQIRUPDOLVPPXVWEHDEOHWRHQFRGHDQGUHSUHVHQWSURSRVLWLRQV
,Q WKHDUWLILFLDO LQWHOOLJHQFHFRPPXQLW\DXWRPDWHG UHDVRQLQJ LVDZHOOUHVHDUFKHGSUREOHPDQGPDQ\ IRUPVRI
UHSUHVHQWLQJNQRZOHGJH DQGSURSRVLWLRQV H[LVW$WRPLF SURSRVLWLRQV± WKDW LV SURSRVLWLRQV WKDW FDQQRW EH IXUWKHU
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attribute DQGvalue+HQFH VXFK DWRPLF SURSRVLWLRQV DUH VRPHWLPHV DOVR UHIHUUHG WR DV triples$Q H[DPSOH RI
VXFKD WULSOH LVThe aircraft VXEMHFWhas a SUHGLFDWH landing gear REMHFW ,Q WKLV IRUPSURSRVLWLRQVUHSUHVHQW
LQIRUPDWLRQ DQGNQRZOHGJHEHFDXVH DEDVLF VWUXFWXUH IRURUJDQL]LQJ WKH UHODWLRQVKLSV XVLQJSUHGLFDWHV EHWZHHQ
GLIIHUHQW things H[LVWV ,IZH UHSUHVHQW HDFK WULSOHE\ WZRYHUWLFHV RQHHDFK IRU WKH VXEMHFW DQGREMHFW WKDW DUH





3.2. Inferring Inconsistencies Using Logical Deduction 
$Q LQFRQVLVWHQF\ LV E\ GHILQLWLRQ D ORJLFDO FRQWUDGLFWLRQ 6XFK FRQWUDGLFWLRQV DUH FKDUDFWHUL]HG E\ WKH
H[LVWHQFHRIWZRVHWVRISURSRVLWLRQV±ERWKDVVXPHGWRKROGWUXH±WKDWDUHZKHQFRPSRXQGHGDOZD\VIDOVH0RUH
JHQHUDOO\ WKH WUXWK YDOXH RI D VWDWHPHQW WKDW ZDV DVVXPHG WR EH FHUWDLQO\ WUXH LV JLYHQ QHZ HYLGHQFH SXW LQ
TXHVWLRQ )RU H[DPSOH FRQVLGHU WKH VWDWHPHQWVThe aircraft has 3 landing gears DQGThe aircraft has 5 landing 
gears&OHDUO\WKHFRPSRXQGVWDWHPHQWThe aircraft has 3 and 5 landing gearsLVDORJLFDOFRQWUDGLFWLRQ±DUHVXOW
WKDW LV VDLG WR EH inferable WKURXJK DSSOLFDWLRQ RI RXU NQRZOHGJH DERXW WKH SK\VLFDO ZRUOG WR WKH WZR JLYHQ
SURSRVLWLRQVWKDWZHDVVXPHGWREHWUXH7KHUHIRUHRQHRIWKHVWDWHPHQWVFDQQRWEHWUXHDQGDQLQFRQVLVWHQF\H[LVWV
)RUPDOO\ WKHSURFHVVRI DUULYLQJ DW D FRQFOXVLRQE\ VWDUWLQJ IURPD VHW RI SURSRVLWLRQV LVNQRZQDVdeductive 
inference RU GHGXFWLYH UHDVRQLQJ 'HGXFWLYH LQIHUHQFH LV EDVHG RQ WKH SULQFLSOH RI DSSO\LQJ D QXPEHU RI
inference rules WR D VHWRIpremises SURSRVLWLRQVRU FRPSRXQGSURSRVLWLRQVSRVVLEO\ LQD FKDLQRI DSSOLFDWLRQV
7KHVHFKDLQVDUHDUHVXOWRIRSHQLQJQHZSDWKVIRULQTXLU\HDFKFRQFOXVLRQUHDFKHGFDQEHXVHGLQIXUWKHULQIHUHQFH
6XFKDFKDLQHGLQIHUHQFHLVDOVRNQRZQDVWKHFRQVWUXFWLRQRIDQargument
&RQVWUXFWLQJ ORJLFDO DUJXPHQWV LV SDUW RI WKH VLPSOHVW DQG ROGHVW W\SH RI IRUPDO ORJLF WKH V\OORJLVP 7KH
V\OORJLVPLVDORJLFIRUPDQLSXODWLQJSURSRVLWLRQVDQGSURYLGHVPHDQVWRUHDVRQDERXWWKHYDOLGLW\RIDPDWKHPDWLFDO
HQWDLOPHQWLHLVXVHGWRSURYHZKHWKHUDSDUWLFXODUSURSRVLWLRQLVLQIHUDEOH7KHDSSOLFDWLRQRILQIHUHQFHUXOHVLV
WKHUHIRUH HTXLYDOHQW WR WKH FRQVWUXFWLRQ RI D PDWKHPDWLFDO SURRI $XWRPDWLQJ WKLV SURFHVV UHTXLUHV WKDW








LVW\SLFDOO\HPSOR\HG7KLVODZVWDWHVWKDWFRQWUDGLFWRU\VWDWHPHQWVFDQQRWERWKEHWUXH±LHP is equivalent to Q
DQGP is not equivalent to Q RULQV\PEROLFIRUPPįQġ¤PįQ7KLVUXOHLVDFRQYHQLHQWIRUPRIDGHULYDWLYH
RIDPRUHJHQHUDO UXOHRI LQIHUHQFH WKHmodus ponens modus: “way”, ponere: “assert”JLYHQD UXOH LQ WKH
IRUPRIDQimplicationPĺQDQGDSUHPLVHPDFRQFOXVLRQQFDQEHGHGXFHG,QRWKHUZRUGVLIRQHSURSRVLWLRQ
PLPSOLHVDVHFRQGQDQGDSUHPLVHLVJLYHQWKDWWKHILUVWSURSRVLWLRQPLVWUXHWKHQWKHVHFRQGQPXVWDOVR
EHWUXHLHif P then Q and given P, deduce Q%\DVVXPLQJWKDWWKHUHVXOWRIWKHLPSOLFDWLRQQLVWKHSURSRVLWLRQ
WKDWAn inconsistency is present WKHPRGXVSRQHQV UXOHFDQEHXVHGUHDVRQDERXW WKHSUHVHQFHRI LQFRQVLVWHQFLHV
ZKHQHYHUDFHUWDLQFRQGLWLRQRUFRPSRXQGHGVHWRISURSRVLWLRQVPLVNQRZQWRH[LVW
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LQIRUPDWLRQ FRXOG EH UHSUHVHQWHG LQ D ORJLF VXFK DV ILUVWRUGHU SUHGLFDWH ORJLF +RZHYHU WKLV KDV WKH
GLVDGYDQWDJHRIEHLQJKLJKO\FRPSOH[DQGPD\OLPLWWKHNLQGRINQRZOHGJHWKDWFDQEHH[SUHVVHG
&OHDUO\ WKH WUXWK YDOXH RI WKH FRQGLWLRQ P LV GHWHUPLQHG EDVHG RQ UHDVRQLQJ DERXW WKH H[SOLFLW RU LPSOLFLW
SUHVHQFHRIDVHWRISURSRVLWLRQVWKDWFDQDVLQGLFDWHGLQVHFWLRQEHUHSUHVHQWHGE\DJUDSK*LYHQVXFKDJUDSK
EDVHG UHSUHVHQWDWLRQRI DPRGHOZH FDQ WKHQ DUJXH WKDW DQ\ LQFRQVLVWHQF\ WKDW LV GHGXFWLYHO\ LQIHUDEOH IURP WKH
FRQWDLQHGSURSRVLWLRQVPXVWDOVREHcontained inVDLGJUDSK,QRWKHUZRUGVWKHFRPSRXQGVWDWHPHQWLQGLFDWLQJWKH
SUHVHQFHRIDQLQFRQVLVWHQF\PXVWHLWKHUEHH[SOLFLWO\FRQWDLQHGLQRUEHORJLFDOO\LQIHUDEOHIURPWKHSURSRVLWLRQVLQ
WKHJUDSK7KHUHIRUHZHDUJXH WKDWGHWHUPLQLQJZKHWKHURUQRWDQ LQFRQVLVWHQF\ LVSUHVHQWFDQEHPDSSHG WR WKH
SUREOHPRIVHDUFKLQJIRUWKHH[LVWHQFHRIDSDUWLFXODUVXEJUDSKLHWKHsubgraph isomorphism problem
)LQGLQJ VXEJUDSKV LV DQ exact pattern matching SUREOHP ,Q JHQHUDO JUDSK SDWWHUQV ± LH SDUWLDOO\ GHILQHG
JUDSKGDWD ± DUH XVHG WRquery D target graph ± HJ IRU WKH SXUSRVH RI GHWHUPLQLQJZKHWKHU RU QRW D SDUWLFXODU
VXEJUDSKH[LVWV7KHFODVVRISDWWHUQVDQGSDWWHUQPDWFKLQJSUREOHPV WKDW DOORZ IRUYHUWH[DQGHGJHvariables DV
ZHOODVsubstitution rules LVNQRZQDVinexact pattern matching6XEVWLWXWLRQUXOHVDUHW\SLFDOO\FRPSRVHGRID








inconsistency patterns :H VD\ WKDW WKH SURFHVV RI ORJLFDOO\ LQIHUULQJ LQFRQVLVWHQFLHV LV HTXLYDOHQW WR TXHU\LQJ
SDWWHUQV4XHU\LQJLQFRQVLVWHQF\SDWWHUQVLVWKHUHIRUHHTXLYDOHQWWRDSSO\LQJRQHRUPRUHLQIHUHQFHUXOHVWKDWOHDGWR
WKHFRQGLWLRQPWKDWUHVXOWVLQWKHLGHQWLILFDWLRQRIDQLQFRQVLVWHQF\WKURXJKORJLFDOLPSOLFDWLRQ
3.4. Resolving Inconsistencies: not a Simple Inference Problem 
$VGLVFXVVHGLQVHFWLRQLQIHUHQFHLVDSURFHVVRIUHDFKLQJFRQFOXVLRQV7KLVFRQFOXVLRQGRHVQRWQHFHVVDULO\
KDYH WREHDSDUWLFXODU IDFW VXFKDVAn inconsistency is presentEXW FDQDOVREHDGHULYHGSUHPLVH7KHFDUHIXO
UHDGHUPD\QRZDUJXHWKDWLQIHUHQFHLVWKHORJLFDOFKRLFHWRDXWRPDWLFDOO\UHVROYHLQFRQVLVWHQFLHVWKDWLVJLYHQD
SDUWLFXODU FRQGLWLRQP IRU DQ LQFRQVLVWHQF\ LQIHU D VHWRISURSRVLWLRQV WKDWZKHQDGGHG WR WKHJUDSK UHVROYH WKH
LQFRQVLVWHQF\:KLOH WKLV PD\ EH SRVVLEOH LQ VRPH YHU\ WULYLDO FDVHV WKH SUREOHP LV JHQHUDOO\ QRQWULYLDO )RU
H[DPSOH LI DQ LQFRQVLVWHQF\ H[LVWV LQ UHGXQGDQW LQIRUPDWLRQ VXFK DV LV LOOXVWUDWHG LQ)LJ DZKLFKRI WKH WZR
YDOXHV LV WKH ³FRUUHFW´ RQH" $QVZHULQJ WKLV TXHVWLRQ UHTXLUHV WKDW WKH WUXH YDOXH ± WKH DFFHSWHG truth ± LV ILUVW
LGHQWLILHG ,Q DGGLWLRQ WKLV PD\ UHTXLUH WKH LGHQWLILFDWLRQ RI WKH source of authority WKH VWDNHKROGHU WKDW LV
UHVSRQVLEOHIRUDSDUWLFXODUSDUWRIDPRGHO,QRWKHUFDVHVIXUWKHUDQDO\VLVLVUHTXLUHGWRFDOFXODWHWKHLPSDFWRID
UHVROXWLRQ DFWLRQ 7KLV LQ WXUQ PD\ LQYROYH DQDO\]LQJ ZKHWKHU D SDUWLFXODU ZD\ RI UHVROYLQJ OHDGV WR IXUWKHU
LQFRQVLVWHQFLHV ,Q VRPH FDVHV LWPD\ HYHQ EHZRUWK LJQRULQJ DQ LQFRQVLVWHQF\ IRU H[DPSOH LQ FDVHVZKHUH DQ
LQFRQVLVWHQF\LVWKHUHVXOWRIQRWIROORZLQJDKHXULVWLFDQGVXIILFLHQWUDWLRQDOHH[LVWVWRLJQRUHLW
,QZKDWZD\ D SDUWLFXODU LQFRQVLVWHQF\ VKRXOG EH UHVROYHG LV DGHFLVLRQPDNLQJ SUREOHP0XOWLSOH DOWHUQDWLYH
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GHFLVLRQ&OHDUO\DXWRPDWLQJRUDWOHDVWDVVLVWLQJKXPDQVLQPDNLQJVXFKGHFLVLRQVUHTXLUHVDGGLWLRQDOLQIRUPDWLRQ
DQG DSSURDFKHV VXFK DV GHSHQGHQF\PRGHOLQJ PD\ SURYH WR EH XVHIXO LQ VXFK FDVHV 7KHUHIRUH ZH DUJXH WKDW
UHVROYLQJLQFRQVLVWHQFLHVLVDQRQWULYLDOSUREOHPDQGLVFRQVLGHUHGRXWVLGHWKHVFRSHRIWKLVSDSHU
3URRIRI&RQFHSW,PSOHPHQWDWLRQ
$V SDUW RI WKH ZRUN D SURRIRIFRQFHSW LPSOHPHQWDWLRQ ZDV GHYHORSHG WR GHPRQVWUDWH WKH SUDFWLFDOLW\ DQG
WHFKQLFDOYLDELOLW\RI WKHFRQFHSWXDODSSURDFK WR LGHQWLI\LQJ LQFRQVLVWHQFLHVRXWOLQHG LQ VHFWLRQ7KHFRQFHSWXDO
DUFKLWHFWXUHLPSOHPHQWDWLRQVSHFLILFGHWDLOVDQGUHVXOWVIURPDFDVHVWXG\DUHGLVFXVVHGLQWKHIROORZLQJ









DOORZLQJ IRU PRUH SRZHUIXO UHDVRQLQJ E\ DOORZLQJ IRU D GHHS UDWKHU WKDQ D VKDOORZ JUDSKEDVHG NQRZOHGJH
UHSUHVHQWDWLRQ VWUXFWXUH 5') DOVR DOORZV IRU WULSOHV WKURXJK UHLILFDWLRQ DQG SDUWV WKHUHRI ± LH YHUWLFHV DQG
HGJHVLQWKHJUDSKRUVXEJUDSKV±WREHLGHQWLILHGE\XQLTXHUniform Resource Identifiers 85,VZKLFKVHUYHDV
VWURQJNH\VDQGDOORZIRUGLVWULEXWHGUHVRXUFHVWREHLGHQWLILHGHDVLO\
)LJ  LOOXVWUDWHV WKH FRQFHSWXDO DUFKLWHFWXUH RI WKH SURRIRIFRQFHSW LPSOHPHQWDWLRQ RI RXU LQFRQVLVWHQF\
PDQDJHPHQW LQIUDVWUXFWXUH WKDWZHKDYHQDPHG&216<67(175')UHSUHVHQWDWLRQVRIPRGHOVDUHJHQHUDWHGE\
WRRO DGDSWHUV DQG DUH VHULDOL]HG DV 5');0/ 7KH VWUXFWXUH RI WKH JHQHUDWHG 5') UHSUHVHQWDWLRQV DQG WKH
IXQFWLRQDOLW\RIWKHWRRODGDSWHUVIROORZWKHJXLGHOLQHVSURSRVHGE\WKHOpen Services for Lifecycle Collaboration
26/& FRQVRUWLXP 26/& LV D SURPLVLQJ DQG RSHQ VHW RI JXLGHOLQHV LQLWLDWHG E\ ,%0 WKDW GHILQHV YDULRXV
GRPDLQVSHFLILF FRQFHSW VFKHPDV DQG LQWHJULW\ FRQVWUDLQWV LQ WKH IRUP RI 63$54/ $6. TXHULHV WR 5')
GRFXPHQWVWKHUHE\HQDEOLQJWKHHTXLYDOHQWRIPHWDPRGHOLQJ$crawlerFROOHFWVWKHLQIRUPDWLRQH[SRVHGE\WKH
WRRO DGDSWHUV DQG VWRUHV LW LQ D NQRZOHGJH UHSRVLWRU\7KLV FUDZOHUKDV D VLPLODU IXQFWLRQDOLW\ WR WKDW RI D VHDUFK
HQJLQH LQ WKDW LW UHWULHYHVD FRPSOHWH VQDSVKRWRI WKHNQRZOHGJH WREH UHDVRQHGRYHUE\ IROORZLQJDOOGLVFRYHUHG
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LQVHFWLRQ$VHSDUDWHHQWLW\±WKHinconsistency reasoner±TXHULHVWKHNQRZOHGJHEDVHXVLQJJUDSKSDWWHUQVWKDW
DUH VWRUHG LQ DQRWKHU UHSRVLWRU\$XVHU LQWHUIDFH HQDEOHV KXPDQV WR LQWHUDFWZLWK WKH LQFRQVLVWHQF\PDQDJHPHQW
LQIUDVWUXFWXUH VR WKDW DGGLWLRQDO LQIHUHQFH UXOHV DQG LQFRQVLVWHQF\ SDWWHUQV PD\ EH DGGHG )URP D SURFHVV
SHUVSHFWLYHWKHFROOHFWLRQRIGDWDVKRXOGSUHFHGHWKHLQIHUHQFHDQGLQFRQVLVWHQF\UHDVRQLQJ
2QFHWKHLQFRQVLVWHQF\UHDVRQHUKDVLGHQWLILHGDQLQFRQVLVWHQF\NQRZOHGJHRIWKLVLQFRQVLVWHQF\LVVWRUHGLQWKH




0RVW SURPLQHQWO\ WKHLU URRWV LQ WKH VHPDQWLF ZHE HQDEOH WKH UHXVH RI D ULFK VHW RI H[LVWLQJ VHPDQWLF ZHE
WHFKQRORJLHV DQG WRROV )RU WKH SURRIRIFRQFHSW LPSOHPHQWDWLRQ $SDFKH -HQD ZDV XVHG DV WKH 5') KDQGOLQJ
IUDPHZRUN$VDEDVLVIRUWKHNQRZOHGJHUHSRVLWRU\D)XVHNLVHUYHUEDFNHGE\DTuple Data Base7'%GDWDVWRUH
ZDVFKRVHQ%RWKWKHLQIHUHQFHHQJLQHDQGWKHLQFRQVLVWHQF\UHDVRQHUFRPSRQHQWVVKRZQLQ)LJDUHEDVHGRQWKH
JHQHULFUXOHUHDVRQLQJIUDPHZRUNSURYLGHGE\-HQD8VLQJ WKLVIUDPHZRUNDVHWRIJUDSKSDWWHUQV LVGHILQHG LQD
'DWDORJOLNHODQJXDJHVHH)LJFIRUDQH[DPSOH7KHVHPDQWLFVRIWKHVHUXOHVPDSWRDGHVFULSWLRQORJLFZKLFK
DOVRGHILQHVWKHH[SUHVVLYHQHVVRIWKHSDWWHUQV
7R YHULI\ WKH WHFKQLFDO YLDELOLW\ RI WKH FRQFHSWXDO DSSURDFK DQG WR WHVW WKH LPSOHPHQWDWLRQ WZR VHPDQWLFDOO\
RYHUODSSLQJ 6\V0/ PRGHOV FRQWDLQLQJ WKH engineering bill of materials (%20 DQG manufacturing bill of 
materials0%20RIDSDUWLFXODUFRPSRQHQW±DWRUTXHER[±RIDILFWLWLRXVDLUSODQHZHUHFUHDWHG7KHVHPDQWLF
RYHUODS LV FKDUDFWHUL]HG E\ WKH UHGXQGDQW VSHFLILFDWLRQ RI D SDUWLFXODU VWUXFWXUDO HOHPHQW VHH OuterSpar DQG
OuterFrameSparLQ)LJD6LPLODUWRWKHH[DPSOHLQ)LJZKLFKZDVXVHGWRLOOXVWUDWHWKHFRQFHSWXDODSSURDFK
ERWK HOHPHQWV GHILQH VHPDQWLFDOO\ HTXLYDOHQW YDOXH SURSHUWLHV 7KH LQFRQVLVWHQF\ EHWZHHQ WKH DVVLJQHG GHIDXOW
YDOXHVLVWREHLQIHUUHGDXWRPDWLFDOO\XVLQJWKHLQIUDVWUXFWXUH,QDGGLWLRQWRLPSOHPHQWLQJWKHGLIIHUHQWFRPSRQHQWV
RIWKHLQIUDVWUXFWXUHDWRRODGDSWHUIRUWKH6\V0/PRGHOLQJWRRO1R0DJLF0DJLF'UDZZDVGHYHORSHG




E\ D KXPDQ 7KH LQFRQVLVWHQF\ SDWWHUQ LOOXVWUDWHG LQ )LJ F PDWFKHV DQ\ WZR YHUWLFHV WKDW DUH LGHQWLILHG DV
VHPDQWLFDOO\HTXLYDOHQWE\D FRQQHFWLQJHGJH ODEHOHGsem:equivalentToZKHUHHDFKYHUWH[KDVDQRXWJRLQJHGJH
ODEHOHG sysml:defaultValue WKDW OHDGV WR OLWHUDO YDOXHV WKDW DUH QRW HTXDO %RWK sem DQG sysml DUH SUHIL[HV IRU
QDPHVSDFHV LQ ZKLFK WKH GHILQLWLRQV RI WKH SUHGLFDWHV equivalentTo DQG defaultValue DUH IXUWKHU UHILQHG 7KHVH
GHILQLWLRQVGHILQHWKHJHQHUDOSURSHUWLHVRIWKHFRQFHSWVRI6\V0/EORFNVDQGVHPDQWLFHTXLYDOHQFHV










LV OLNHO\ WR EH LQILQLWHO\ ODUJH DQG VLQFH JUDSKSDWWHUQPDWFKLQJ LV DQ13FRPSOHWH SUREOHP ERWK WKH WRSLF RI
PDLQWDLQDELOLW\DQGFRPSOH[LW\RIWKHDSSURDFKDUHGLVFXVVHGEULHIO\LQWKHIROORZLQJ
&DUHIXOFUDIWLQJRILQFRQVLVWHQF\UXOHVLVUHTXLUHGWRPLQLPL]HWKHQXPEHURIIDOVHSRVLWLYHV$FRQVHTXHQFHRI
WKLV LV WKDW SDWWHUQV PD\ EHFRPH YHU\ FRPSOH[ ,Q DGGLWLRQ RQH PD\ QHHG WR GHILQH VHYHUDO YDULDWLRQV RI
VHPDQWLFDOO\ YHU\ VLPLODU SDWWHUQV WR PRUH SUHFLVHO\ FRQWURO WKH FRQWH[W LQ ZKLFK WKH SDWWHUQV DUH PDWFKHG
7KHUHIRUH LW LVFRQFHLYDEOH WKDW LQDQ\UHDOLVWLFVFHQDULRPDLQWDLQLQJDVHWRI LQFRQVLVWHQF\SDWWHUQVFDQEHYHU\




SRWHQWLDO WR LGHQWLI\D ODUJHQXPEHURI LQFRQVLVWHQFLHV HJEHFDXVHRIYDOXHSURSHUWLHVEHLQJYHU\FRPPRQDUH
OLNHO\WREHYHU\YDOXDEOH+RZHYHULQFRQVLVWHQFLHVWKDWDUHHDVLO\VSRWWHGE\DKXPDQDQGUHTXLUHFRPSOH[SDWWHUQV
WREHGHILQHGPD\QRWDOZD\VEHVXIILFLHQWO\YDOXDEOHWRMXVWLI\WKHFRVWLQYROYHGLQGHILQLQJDQGTXHU\LQJIRUWKH










SDUW RI LQFRQVLVWHQF\ PDQDJHPHQW DQG D SUHUHTXLVLWH IRU DQ\ DWWHPSW DW UHVROYLQJ LQFRQVLVWHQFLHV ,Q V\VWHPV
HQJLQHHULQJ LQFRQVLVWHQFLHVPDQLIHVW LQ DYDULHW\RI IRUPVYLRODWLRQRIZHOOIRUPHGQHVV UXOHV LQFRQVLVWHQFLHV LQ
UHGXQGDQWLQIRUPDWLRQPLVPDWFKHVEHWZHHQPRGHODQGWHVWGDWDDQGQRWIROORZLQJKHXULVWLFVRUJXLGHOLQHV6LQFH







DQG YDOLGDWLRQ 7KH WHFKQLFDO YLDELOLW\ DQG SUDFWLFDOLW\ RI WKH SUHVHQWHG FRQFHSWXDO DSSURDFK RI XVLQJ SDWWHUQ
PDWFKLQJZDV VKRZQXVLQJ D SURRIRIFRQFHSW LPSOHPHQWDWLRQ+RZHYHU LQRUGHU WREH DEOH WR IXOO\ VSHFLI\ WKH
FRQWH[W LQ ZKLFK LQFRQVLVWHQF\ SDWWHUQV DUH DSSOLFDEOH HJ WR PLQLPL]H WKH QXPEHU RI IDOVH SRVLWLYHV WKHVH
SDWWHUQVPD\EHFRPHYHU\FRPSOH[7KLV LV D UHVXOWRI DSDUWLFXODU OLPLWDWLRQRI WKHSUHVHQWHGDSSURDFKSDWWHUQV
UHTXLUHH[DFWPDWFKHVLQDOOFDVHV+RZHYHULWLVFRQFHLYDEOHWKDWLQVRPHFDVHVDSDWWHUQLVQRWPDWFKHGHJGXH
WR D PLVVLQJ UHODWLRQVKLS HYHQ WKRXJK D KXPDQ ZRXOG UHDVRQ WKDW HQRXJK HYLGHQFH LV SUHVHQW WR VXJJHVW DQ
LQFRQVLVWHQF\:HEHOLHYHWKDWWKLVLVDFRPPRQFDVH7RPLWLJDWHWKHHIIHFWVRIWKLVLGHQWLILHGOLPLWDWLRQWKHDXWKRUV
DUH FXUUHQWO\ LQYHVWLJDWLQJ WKH XVH RI DEGXFWLYH UDWKHU WKDQ GHGXFWLYH UHDVRQLQJ 0RUH VSHFLILFDOO\ VWRFKDVWLF
PDFKLQHOHDUQLQJ%D\HVLDQOHDUQLQJLVXVHGWRH[SDQGWKHFRQFHSWXDOPRGHOSUHVHQWHGLQWKLVSDSHU



























6LPNR * /HYHQGRYV]N\ 7 1HHPD 6 -DFNVRQ ( %DSW\ 7 3RUWHU - HWDO )RXQGDWLRQ IRU 0RGHO ,QWHJUDWLRQ 6HPDQWLF %DFNSODQH ,Q
3URFHHGLQJV RI WKH $60(  ,QWHUQDWLRQDO 'HVLJQ (QJLQHHULQJ 7HFKQLFDO &RQIHUHQFHV 	 &RPSXWHUV DQG ,QIRUPDWLRQ LQ (QJLQHHULQJ
&RQIHUHQFH,'(7&&,(
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±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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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3URFHHGLQJVRIWKH6L[WK$QQXDO$&06,$06\PSRVLXPRQ
'LVFUHWH$OJRULWKPV6RFLHW\IRU,QGXVWULDODQG$SSOLHG0DWKHPDWLFV
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3URFHHGLQJVRIWKH7KLUWLHWK$&06,*02'6,*$&76,*$576\PSRVLXP
RQ3ULQFLSOHVRI'DWDEDVH6\VWHPV$&0
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